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Question 1 [25 marks] 
 
1.1 A boy on a bridge throws a stone vertically downward with an initial speed of 14.7 m.s
-1
 toward the river 
below. If the stone hits the water 2 s later, calculate the height of the bridge above the water. 
                                                                                                                                                                    (3 marks)  
 
1.2 A jet has take-off speed of 75 m.s
-1
 and can move along the runway at an average acceleration of 1.3 m.s
-2
. If 
the length of the runway is 2.5 km, will the jet be able to use this runway safely? Defend your answer. 
                                                                                                                                                                    (3 marks) 
 
1.3 An athlete participates in a long-jump competition leaping into the air with an initial velocity of 11 m.s
-1
 at 
an angle of 20
o
 above the horizontal.  
(a) Calculate how far the athlete jumps. (4 marks) 
(b) Calculate the maximum height reached during the jump. (3 marks) 
 
1.4 State Coulomb’s law and write down the mathematical expression for it. (3 marks) 
 
1.5 A picture frame is hung using two cords on a wall as shown in figure. If the mass of the frame is 200 g, 
calculate the tension in each cord. (6 marks) 
 
 
1.6 What effect does the weight of a box have on the kinetic friction between the box and the floor on which it is 
moving? (3 marks) 
 
Question 2 [25 marks] 
 
2.1 The figure below shows an object of mass m = 10 kg on a frictionless inclined surface held by a massless 
string connected to a wall. 
 
 
(a) Draw the free body diagram of the object. (2 marks) 
(b) Calculate the tension in the string if θ = 35o. (2 marks) 
(c) Calculate the force the surface exerts on the object. (2 marks) 
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(d) Calculate the acceleration with which the object moves down the incline when the string is cut. (2 marks) 
 
 
 
2.2 A man drags two heavy sleds as shown in figure. 
 
 
 
 If each sled has a mass of 500 kg and the coefficient of kinetic friction between each sled and the ground is       
μk = 0.4, calculate 
(a) the tension, T2, in the rope between the two sleds. (4 marks) 
(b) the tension in the rope between sled 1 and the man, T1 which forms an angle of 45
o 
with respect to the 
horizontal.(Assume the ropes are massless) (4 marks) 
 
2.3 A ballistocardiograph is an instrument that detects the recoil of the body caused by the change in momentum 
of the blood caused by the heart pumping. If blood travels at 1m.s
-1
 and the mass of blood in a 65 kg person is    
4 kg, calculate the largest variation in apparent weight this effect could cause. (Take time for one heartbeat as     
1 s). (4 marks) 
 
2.4 In an isolated system consisting of two interacting objects, show that the total linear momentum does not 
change with time. Explain all steps and symbols used. (5 marks) 
 
Question 3 [30 marks] 
 
3.1 The figure below shows a horizontal forearm held perpendicular to the upper arm. A 70 N weight is held in 
the hand. Neglect the weight of the forearm. 
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(a) Calculate the torque about the joint due to the 70 N weight. (2 marks)  
(b) Calculate the magnitude of the force, T, on the forearm by the biceps.  (3 marks)                    
 
3.2 A ladder rests against a frictionless wall. It has a mass of 50 kg, a length of 5 m and makes an angle of 60
o
 
with the ground. Calculate the horizontal and vertical force components exerted by the ground on the bottom of 
the ladder if a man of mass 70 kg stands on the ladder 4 m from the ground.  (8 marks) 
 
3.3 For an elastic head-on collision between two objects of arbitrary masses and initial speeds, show that the 
following relation between the speeds of the objects holds:  
                                                                        v1i + v1f = v2i + v2f    (5 marks) 
 
3.4 A standard man does chin-ups in a gym. During the first 25 cm of the lift, each arm exerts an upward force of 
350 N on the athlete’s torso. If the upward movement starts from rest, calculate the athlete’s speed at this point.  
Given: Mass of torso = 60.9 kg.  (3 marks) 
 
 
3.5 The figure shows a person of mass 80 kg doing push ups. Calculate the force exerted by each hand and each 
foot on the floor.  (4 marks) 
 
 
 
3.6 A setup similar to the one shown in the figure below is often used in hospitals to support and apply traction 
force to an injured leg. 
 
 
(a) Calculate the tension in the rope supporting the leg.  (2 marks) 
(b) Calculate the traction force in the leg. (Assume the traction force is horizontal) (3 marks) 
 
Question 4 [20 marks] 
 
4.1 An ideal gas at 20
o
C and a pressure of 1.5 × 10
5 
Pa is in a container having a volume of 1 L.  
(a) Calculate the number of moles of gas in the container. (2 marks) 
(b) The gas pushes against a piston, expanding to twice its original volume, while the pressure falls to 
atmospheric pressure. Calculate the final temperature. (3 marks)                 
Given : R = 8.314 J.mol
-1
.K
-1
, Patm = 1.01 × 10
5 
Pa                                                                                      
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4.2 A man of mass 70 kg climbs 10 m up a vertical rope. Calculate how much energy is dissipated as heat in a  
single climb if 20 % of the total energy required is used to do the work. (3 marks) 
 
4.3 A standard man (m = 70 kg) produces about 10
4
 kJ of heat per day due to metabolic activity.  
(a) Assume the standard man is an isolated system with the heat capacity of water (4186 J.kg
-1
.
o
C
-1
) and estimate 
the temperature increase in his body in one day. (2 marks) 
(b) In reality, the standard man is an open system and the main mechanism of heat loss is evaporation of water. 
Calculate how much water would have to be evaporated per day to maintain a body temperature of 37
o
C if    
2405 J is required to evaporate 1 g of water. (2 marks) 
 
4.4 State the second law of thermodynamics. (2 marks) 
 
4.5 Calculate the entropy change during melting of 1 mol benzene.  
Given: Molar mass of C = 12 g.mol
-1
 , molar mass of H = 1 g.mol
-1
, melting point of benzene at atmospheric 
pressure is 288.6 K and its latent heat of melting is 30 kcal. (6 marks) 
 
 
 
 
---- End of Question Paper ---- 
